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composite component comprises a sensor device which 1s

integrated in the fiber composite component, wherein the
sensor device comprises a flexible circuit carrier having a
sensor module, 1 particular having a micromechanical
sensor module, for ascertaiming an acceleration value, said
method comprising the steps: setting the fiber composite
component into a test vibration, in particular by applying a
test pulse to a test site of the fiber composite component;
capturing a response signal using the sensor device; and
comparing the response signal with a reference signal.
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METHOD FOR TESTING A FIBER
COMPOSITE COMPONENT, DEVICE,
COMPUTER PROGRAM AND
MACHINE-READABLE STORAGE MEDIUM

This application claims priority under 35 U.S.C. § 119 to

application no. DE 10 2018 221 016.0, filed on Dec. 5, 2018
in Germany, the disclosure of which 1s incorporated herein
by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to a method for testing a
fiber composite component, a corresponding device, a cor-

responding computer program and a corresponding
machine-readable storage medium.

BACKGROUND

WO 2018/069066 Al discloses a method for arranging a
number of micromechanical acceleration sensors on or 1n a

synthetic material component, 1n particular a bumper, and a

corresponding synthetic material component, in particular a
bumper.

In step A of the method, the micromechanical acceleration

sensor 1s lixedly positioned 1n or on a flexible circuit carrier,
wherein the micromechanical acceleration sensor 1s con-
tacted by an integrated conductor track structure of the
flexible circuit carrier.

In step B of the method, the micromechanical acceleration
sensor and the tlexible circuit carrier are arranged at least 1n
regions on or 1n the synthetic material component 1n such a
manner that the mtegrated conductor track structure of the
flexible circuit carrier 1s exposed at least in part.

DE 10 2016 220 032 Al discloses a sensor device for a
vehicle, 1n particular a motor vehicle, having at least one
sensor module and having at least one connection line which
1s connected to the sensor module so as to electrically
contact the sensor module.

It 1s provided that the connection line 1s configured as a
conductor foil on which multiple different sensor modules
are arranged, and said sensor modules are encased respec-
tively by means of one injection molding or a common
injection molding which covers the conductor foil at least 1n
sections.

SUMMARY

The present disclosure provides a method for testing a
fiber composite component, a corresponding device, a cor-
responding computer program and a corresponding
machine-readable storage medium.

Preferred further developments are disclosed in the
embodiments and the following description of the advan-
tages of the disclosure.

One aspect of the present disclosure 1s a method for
testing a fiber composite component, wherein the fiber
composite component comprises a sensor device which 1s
integrated in the fiber composite component, wherein the
sensor device comprises a flexible circuit carrier having a
sensor module, said method comprising the steps:

Set the fiber composite component 1nto a test vibration, 1n
particular by applying a test pulse to a test site of the
fiber composite component;

Capture a response signal using the sensor device;

Compare the response signal with a reference signal;

10

15

20

25

30

35

40

45

50

55

60

65

2

In the present case, the term ““a fiber composite compo-
nent” may be understood to be a component which com-
prises a fiber composite material. A fiber composite material
1s generally produced by means of an alternating composite
structure of fibers or a semi-finished textile product and a
matrix between the fibers or rather the semi-finished textile
product. The matrix 1s a filler material and adhesive material
for the fibers or rather the semi-finished textile product. It 1s
typical for fiber composite materials that the alternating
ellect of the composite structure produces a material which
comprises higher grade characteristics in comparison with
the characteristics of the fibers and the filler material.

The fiber composite component may be a body compo-
nent for a vehicle. By way of example, the fiber composite
component may be a bumper for a vehicle.

The fiber composite component in accordance with the
present disclosure may be produced using a casting method.
It 1s possible 1n particular during the step of integration to
use for this purpose a so-called liquid composite molding
method (LCM method). LCM methods are characterized by
virtue of the fact that comparatively moderate pressure and
temperature loads are mvolved.

A flexible circuit carrier may comprise silicone, polyure-
thane, polyamide or thermoplastics. Consequently, the flex-
ible circuit carrier 1s able to deform easily 1n an elastic or
plastic manner, 1n particular the integrated conductor track
structure 1s able to deform accordingly in a plastic manner,
as a result of which it 1s fundamentally possible to adapt the
flexible circuit carrier to suit a geometric shape or form of
the fiber composite component. The flexible circuit carrier
may be a conductor foil.

The term ““a sensor module” may be understood to mean
an electronic or electrical component for ascertaining a
physical size or a physical value. A sensor module may be
configured so as to ascertain an acceleration value or a
rotational acceleration value.

It would be conceivable to configure the sensor module so
as to ascertain a pressure. Such an embodiment does how-
ever require an open interface of the sensor module to the
environment of the fiber composite component.

The sensor module may be a micromechanical component
for ascertaining an acceleration value, thus a micromechani-
cal acceleration sensor according to the type of microelec-
tromechanical systems (MEMS).

The method 1n accordance with the present disclosure
forms an expanded safety function of a fiber composite
component having a sensor device which 1s integrated 1n the
fiber composite component. This safety function 1s available
above all for fiber composite components such as body
components of a vehicle. Sensor values provided by the
sensor device, especially acceleration values provided by a
corresponding sensor device for ascertaining acceleration
values, may be used in this case not only for realizing a
protection function for traflic participants such as the occu-
pants of the vehicle or other traflic participants but rather
they may also be used as an expanded safety function for
testing the fiber composite component.

This expanded safety function 1s realized based on the
background that mechanical energy contributions on the
fiber composite components may cause internal damage 1n
the component. This damage may be delaminations, fiber
breakage, torn fibers, or so-called fiber pull-outs. This dam-
age may have disadvantageous eflects on the characteristics
of the component. If a fiber composite component 1s used as
a body component, 1t 1s possible in numerous ways for
mechanical energy contributions to influence the compo-
nent, by way of example as a result of so-called “door
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dings,” parking dents, and other trivial damage while parked
or other collisions. The internal damage which occurs may
change the character of the component 1n general. This may
influence the vibration behavior of the component. In other
words, pulses which are applied are returned 1n a different
manner 1n the case of a damaged component than 1n the case
of components 1n their original state. This diflerent manner,
in other words this difference, may be ascertained by means
of the method of the present disclosure and thus provides
direct feedback with regard to the condition, the state, and/or
the general character of the component.

Since the signal which 1s provided by the sensor module
which 1s mtegrated 1n the fiber composite component reacts
directly to the changed character of the component, said
signal 1s used for ascertaining or detecting the values.

In accordance with one embodiment of the method of the
present disclosure, the reference signal 1s generated by virtue
of the fact that the fiber composite component 1s set 1nto a
reference vibration and the reference vibration 1s ascertained
using the sensor device and the captured signal or a signal
which 1s derived therefrom 1s the reference signal.

The reference signal 1s used for subsequent examinations
or tests on the fiber composite component.

It 1s of advantage 11 the reference signal 1s generated 1n the
new state of the fiber composite component. It 1s conse-
quently possible during a subsequent test on the fiber
composite component in accordance with the method of the
present disclosure to ascertain a change in the character by
means of comparing the response signal with the reference
signal. Based on the ascertained characteristic of the com-
ponent, 1t 1s possible to conclude the state or condition of the
component at the point i time in which the method 1is
performed for testing the fiber composite component in
comparison with the new state or the new condition of said
fiber composite component. A suitable measure may be
implemented using this information.

In the case of body components for a vehicle, a suitable
measure may be the recommendation to visit a garage for
inspection or repair. A suitable measure 1s likewise conceiv-
able to bring the vehicle to a standstill.

The fiber composite component may be set into the
reference vibration by means of applying a reference pulse
to a reference site of the fiber composite component.

It 1s of advantage 1f the reference pulse i1s essentially
identical to the test pulse. As a consequence, it 1s possible to
compare the response signal with the reference signal 1n a
simpler manner.

It 1s of advantage 1f the reference site corresponds essen-
tially to the test site. As a consequence, it 1s possible to
compare the response signal with the reference signal.

A Tfurther aspect of the present disclosure 1s a device
which 1s configured so as to perform all steps of the method
in accordance with the present disclosure.

A further aspect of the present disclosure 1s a computer
program which 1s configured so as to perform all the steps
of the method 1 accordance with the present disclosure.

A further aspect of the present disclosure 1s a machine-
readable storage medium on which the computer program in
accordance with the present disclosure 1s stored.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the disclosure are explained
below with the aid of the figures. In the drawings:

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 1 illustrates a schematic view of a fiber composite
component having a sensor device, which 1s integrated in the
fiber composite component, during the generation of a
reference signal;

FIG. 2 illustrates a schematic view of a fiber composite
component having a sensor device, which 1s integrated in the
fiber composite component, during a testing procedure of
the fiber composite component 1n accordance with of the
present disclosure;

FIG. 3 illustrates a schematic view of a further fiber
composite component having a sensor device, which 1is
integrated 1n the fiber composite component, during a testing
procedure of the fiber composite component in accordance
with the present disclosure;

FIG. 4 illustrates a schematic view of a further fiber
composite component having a sensor device, which 1s
integrated 1n the fiber composite component and 1s suitable
for testing the fiber composite component 1 accordance
with the present disclosure;

FIG. 5 illustrates a schematic view of a further fiber
composite component having a sensor device, which 1is
integrated 1n the fiber composite component and 1s suitable
for testing the fiber composite component in accordance
with the present disclosure;

FIG. 6 illustrates a flow diagram of one embodiment of a
method 1n accordance with the present disclosure.

DETAILED DESCRIPTION

FIG. 1 illustrates a schematic view of a fiber composite
component 2 having a sensor device 3, which 1s integrated
in the fiber composite component 2, during the generation of
a reference signal 6a. The fiber composite component 2 1s a
bumper component for a vehicle. The fiber composite com-
ponent 2 comprises a sensor device 1, which 1s integrated in
the interior of the component 2 and comprises a flexible
circuit carrier 3 and sensor modules 4 which are arranged on
the circuit carrier 3.

The sensor device may be connected to the peripheral
device via a connection means 11.

The term “a peripheral device” may be understood 1n this
case to mean systems with which the sensor device 3 may be
connected. When using the fiber composite component 2 1n
a vehicle by way of example as a body component, such a
system may be a vehicle communication system, such as by
way of example a CAN, FlexRay or a PSI5 commumnication
system. It would be conceivable to provide a direct connec-
tion between the sensor device and a vehicle control unit,
such as by way of example a control unit for controlling the
driving dynamics or for mitiating safety measures.

In this case, a possible connection means 11 1s an acces-
sible portion of the flexible circuit carrier 3. The accessible
portion may be an exposed section or an exposed portion of
the circuit carrier 3. A suitable interface for example one 1n
the form of a plug-in interface 1s likewise conceivable.
Moreover, a wireless 1nterface for transmitting the captured
sensor signals 1s conceivable. A wireless interface may be
based on a radio technology or on a comparable wireless
communication technology.

The reference signal 6a 1s obtained from the signal which
1s captured by the sensor device 1 which 1s integrated in the
fiber composite component 2. In this case, 1t may be the
directly captured signal or a signal which 1s derived from the
directly captured signal. A typically derived signal may be
obtained from a procedure of filtering (hugh pass/deep pass
filtering) the directly captured signal.
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In accordance with one embodiment, 1t 1s concelvable to
apply only one reference pulse. Moreover, 1t 1s possible to
generate the reference signal 6a by means of repeatedly
applying reference pulses. The pulses may be of different
strengths. The repeated application may be performed 1n
regular intervals.

The figure illustrates the moment a reference pulse 1s
applied to the fiber composite component 2. Said reference
pulse 1s applied by means of a pulse application means 5
which 1s schematically 1llustrated 1n the form of a hammer
5. Said reference pulse may be applied by way of example
at the end of the production process or procedure, or during
the 1nstallation of the fiber composite component 2 and thus
in the new state of the fiber composite component 2.

FIG. 2 illustrates a schematic view of a fiber composite
component 2 having a sensor device 1, which 1s integrated
in the fiber composite component 2, during a testing proce-
dure of the fiber composite component 2 1n accordance with
the present disclosure. The fiber composite component 2 1s
a bumper component for a vehicle. The fiber composite
component 2 comprises a sensor device 1 which 1s 1nte-
grated 1n the interior of the component 2 and comprises a
flexible circuit carrier 3 and sensor modules 4 which are
arranged on the circuit carrier 3.

The figure illustrates damage on the fiber composite
component 2. The 1llustrated damage 1s obvious. Depending
upon the cause of the damage, 1t 1s also possible for the
damage to a fiber composite component 2 not to be obvious.
This occurs 1n particular in the case of comparatively slight
damage. It 1s then possible that the damage does not leave
any obvious external signs but there 1s still internal damage
of the fiber composite component 2, such as by way of
example delaminations, fiber breakage torn fibers, or fiber
pull-outs, which have a disadvantageous eflect on the char-
acteristics of the component.

The figure illustrates the moment a test pulse 1s applied to
the fiber composite component 2. Said test pulse 1s applied
by means of a pulse application means 5 which 1s illustrated
schematically 1n the form of a hammer 3.

The application of a test pulse produces a response signal
65 which may be compared with the reference signal 6a. It
1s possible via the comparison to establish a change in the
characteristics of the component. If the change in the char-
acteristics of the component indicates that the change has
exceeded a threshold with regard to safety, then correspond-
ing counter measures may be introduced. Such counter
measures may range from the persistent storage of this
information up to bringing to a standstill the vehicle 1n
which the fiber composite component 2 1s installed.

The test pulse may be applied depending upon the situ-
ation, by way of example after a collision within the scope
of testing for collision damage. It 1s likewise conceivable to
perform periodic testing in accordance with a test cycle. In
such a case, 1t 1s also possible to establish any damage which
has occurred either unnoticed or has occurred during the
course of the lifetime of the fiber composite component 2 as
a result of environmental influences which act on the fiber
composite component 2.

FIG. 3 1illustrates a schematic view of a further fiber
composite component 2 having a sensor device 1, which 1s
integrated 1n the fiber composite component 2, during a
testing procedure of the fiber composite component 2 in
accordance with the present disclosure. In the illustrated
fiber composite component 2, the integrated sensor device 1
spans the fiber composite component 2. The sensor modules
da, 4b, 4¢ are likewise arranged 1n a distributed manner over
the fiber composite component 2 using the flexible circuit
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carrier 3. In the 1llustrated embodiment, said sensor modules
are distributed equi-distance from one another. It 1s likewise
conceivable that the sensor modules 4a, 4b, 4¢ are arranged
distributed 1n an 1rregular manner over the fiber composite
component 2.

In the 1llustrated embodiment, the fiber composite com-
ponent 2 1s tested by means of applying test pulses to one or
more test sites. Accordingly, the sensor modules 4a, 4b, 4c¢
capture diflerent response signals 6b. It 1s conceivable that
the reference signal 6a 1s likewise generated by means of
applying reference pulses to the corresponding reference
sites. The test sites may 1n this case correspond essentially
to the reference sites.

FIG. 4 illustrates a schematic view of a further fiber
composite component 2 having a sensor device 1, which 1s
integrated 1n the fiber composite component 2 and 1s suitable
for testing the fiber composite component 2 1n accordance
with the present disclosure. The fiber composite component
2 1s a fiber composite tank. The fiber composite component
2 comprises a sensor device 1, which 1s integrated in the
interior of the component 2 and comprises a flexible circuit
carrier 3 and sensor modules 4 which are arranged on the
circuit carrier 3.

The advantage of fiber composite components 2 which
may be implemented simply into almost any geometric
shapes are clearly visible in the 1llustrated embodiment. The
use of tlexible circuit carriers 3 or rather in the form of
conductor foils and micromechanical sensor modules 4
which are attached thereto do not in this case significantly
limit the design of fiber composite components 2. As a
consequence, 1t 1s possible to provide almost any form of
fiber composite component 2 with a corresponding sensor
device 1 and consequently to suitably design 1t for the
method of the present disclosure.

FIG. 5 illustrates a schematic view of a further fiber
composite component 2 having a sensor device 1, which 1s
integrated 1n the fiber composite component 2 and 1s suitable
for testing the fiber composite component 2 1n accordance
with the present disclosure. The fiber composite component
2 may be a sports appliance. The sports appliance 1s 1llus-
trated schematically as a snowboard. The fiber composite
component 2 comprises a sensor device 1, which 1s inte-
grated 1n the iterior of the component 2 and comprises a
flexible circuit carrier 3 and sensor modules 4 which are
arranged on the circuit carrier 3. Moreover, the figure
illustrates an evaluating unit 11. Said evaluating unit may be
located—as 1llustrated—by way of example on the binding
for a snowboard shoe.

FIG. 6 1llustrates a flow diagram of an embodiment of a
method 600 1n accordance with the present disclosure.

In step 601, the fiber composite component 2 is set into a
testing vibration. The testing vibration may be produced by
means of applying a test pulse. It 1s possible for this purpose
to use a suitable vibration generating means 5. Such a means
may be by way of example a vibration device into which the
fiber composite component 2 1s clamped. The vibration
generating means may be configured 1in such a manner that
the test pulse 1s mtroduced at a defined test site of the fiber
composite component 2.

In step 602, a response signal 1s captured using the sensor
device. It 1s possible by means of a connection means of the
sensor device to pass the response signal on to a further-
processing device by way of example a testing device or a
test control umt. A possible connection means 1s 1n this case
an accessible portion or an accessible section of the flexible
circuit carrier 3. The accessible portion or section may be an
exposed portion or section of the circuit carrier. A suitable
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interface by way of example m the form of a plug-in
interface 1s likewise conceivable. Moreover, a wireless inter-
face for transmitting the captured sensor signals 1s conce1v-
able. A wireless interface may be based 1n this case on a
radio technology or a comparable wireless communication
technology.

In step 603, the response signal 65 1s compared with a
reference signal 6a. It 1s generally possible to use any
conceivable comparison method for comparing the two
signals 6a, 6b6. The aim of the comparison procedure 1s to
identily whether and 1f yes to what extent the test signal 656
has changed with respect to the reference signal 6a. It 1s
conceivable to define a threshold value for the changes,
which 1 exceeded, 1s an indication that a change has
occurred which renders i1t possible to conclude that the
characteristics of the component with regard to safety have
changed. If such a change occurs, a corresponding counter
measure may be initiated. Such a counter measure may
range from the persistent storage of this information up to
bringing to a standstill the vehicle 1n which the fiber com-
posite component 2 1s 1nstalled.

What 1s claimed 1s:

1. A method for testing a fiber composite component, the
fiber composite component including a sensor device inte-
grated therein, the sensor device including a flexible circuit
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carrier having a sensor module that 1s a micromechanical
sensor (MEMS) module configured to ascertain an accel-
cration value, the method comprising;
setting the fiber composite component 1nto a test vibration
by external application of a test pulse to a test site of the
fiber composite component;
capturing an acceleration response signal using the sensor
device; and
comparing the response signal with a reference signal,
wherein the reference signal 1s obtained by;
setting, 1n a new state of the fiber composite compo-
nent, the fiber composite component into a reference

vibration by applying a reference pulse to a reference
site of the fiber composite component and

capturing the reference signal representing a reference
vibration value of the reference vibration using the
sensor device, the reference signal being one of (1)
the captured reference signal and (11) a signal derived
from the captured reference signal,

wherein the reference site corresponds essentially to the
test site.

2. The method according to claim 1, wherein the reference
pulse 1s essentially identical to the test pulse.

G o e = x
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